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ABSTRACT 

The GSFC Cosmic X-ray Spectroscopy Experiment on OSO-8 observed 
X Per for twenty days during two observations In Feb. 1976 and Feb. 1977. 
The spectrum of X Per varies In phase witi Its 13.9 min period, hardening 
significantly at X-ray minimum. Unlike other X-ray binary pulsar spectra 
X Per's spectra do not exhibit iron line emission or strong absorption 
features. Our data show no evidence for a 22 hour periodicity In the 
X-ray intensity of X Per. These results indicate that the X-ray emission 
from X Per may be originating from a neutron star in a low density region 
far from the optically identified Be star. 


OHlilNAL 
OV t'OOK QUALllY 


* 

Also Dept. 01 Physics and Astronomy, Univ. of Maryland 




I 



- 2 - 

I INTRODUCTION 

Thf nature of the X-ray binary pulsar X Per has remained enigiaatic 

in spite of numerous observations in both X-ray and c(.tical bandwidths. 

Uhite e^ al_. (19/t) discovered that the X-ray emission for X Per pulses 

with a period of 13.9 min, which iias since been confinned (White, Mason 

and Sanford 1977 ; Canizares et aj^. 1977; Margon ^ a|. 1977). White 

^ dl_. (1976) also reported an X-ray intensity modulation with a period 

of e’tfier 22 or ’.1 hours which has not been confirmed. A precise deter- 

minatiofi of ttie X-ray position indKater. that the X-ray emission is probably 

associated with the Be star X Per (HawMns, Mason and Sanford 1975). 

If tne identification is correct, it implies an X-ray luminosity of 5 
33 

X 10 ergs/s between 2 to 10 keV. Optical observations of X Per by 
Hutchings et aj_. (Iy74,1977) ^how it may be a spectroscopic binary witfi 
a 530 day binary period. If this effect is due to the gravitational 
influence of an unseen binary cor.ipanion, it would have a n.ass of > 16 
solar masses (Hutchings 19/7). 

11. OBSFRVATIONS 

X Per was observed by the GSFC Cosmic X-ray experiment on OSO-8 
during Feb. 21 - Mar. 2, 1976, arid Feb. 21 - Mar. 3, 1977. The obser- 
vations were made with a uenon-f i 1 led proportional counter with 5?09 
FWHM circular collimation, which is tilted 5‘^ from the satellite's negative 
spin axis, ’’’herefore, the detector itakes a r.iall angle scan every satellite 
rotation { 10 s) allowing a nearly continuous samoling of off-source 
.'o .kground . Counting rates are obtained every 160 iii- . The energy range 
nt t b' lel.ecM'' is 2 - tJ' leV, which is dWid<^d into 63 oul se-height 
charmel s . 
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The integrated pulse-heiglit spectra for our two observations of 
X Per are shown in Figure 1. Both these spectra were fit to several 
simple continua (thermal bremsstrahlung, power-law, blacl'.body) modified 
by photoelectric absorption, and both spectra were found to be best repre- 
sented by thermal bremsstrahlung continua, as depicted in Figure 1 and 
tabulated with errors in Table 1. Both pulse-height spectra show a high 
ene; gy excess relative to the best fit continua. 

There is no evidence for the presence of iron line emission 
between 6.4 - 6.9 keV in the X Per spectra. The 90% confidence upper 
limit for the equivalent width of any line emission in the 6.4 - 6.9 
keV energy range is <?00 eV. 

The 13.9 min periodicity in the intensity of X Per was very evident 
in our data. The 160 ms rates from X Per were folded on a number of 
trial periods, tach folded light curve was tested against the hypothesis 
of constant intensity and the true period was assumed to be the one re- 
sulting in the highest \^. The pulse periods for X Per in Feb. 1976 
and Feb. 1977 were found to be 13.9228 ^ .0008 and 13.9196 ^ .0008 min., 
respectively. A discussion of the error analysis can be found in Becker 
§1. iL* (1977b). The folded light curves for these two epochs are shown 
in Figure 2. 

The spectral Jata were folded on the observed pulse period into 
ten bins, tach data set so obtained was fit to a thermal bremsstrahlung 
model. The best fit value for kT as a function of pulse phase has been 
plotted in Figure 2. In both 1976 and 1977 we find that the spectrum 
hardens markedly at the minimum of the pulsed light curve, with the best 
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fit kT increasincj to 20 keV from its average value of 13 keV. Since 
this increase if) tern, orature occurs at intensity mif)imum, there is the 
possibility that the effect is due to incorrect background subtraction. 

We do not teel this is tne case, firstly, background is accumulated 
every satellite fotation and is selected with the same criteria applied 
to the on-sourc" data. Secondly, the effect is not limited to the highest 
energy charnelb, but rather is apparent even if we only consider the 
energy range of 2-20 keV. 

We also examired our data for Jdditioiial temporal variability 
and spectral -temporal correlation. Althougf) the source was variaole over 
time scales of hours, as i 1 1 jstratcd in Figu'e 3, no evidence for a 22^ 
period or any other long (jenod was found. A search for evidence of 
spectral vaii.iMlity by calculating the ratio of counts between 6-10 
leV and 2 - C rtV over two-hour samples did not yield any apparent cor- 
relation ‘urine'. *nd irtprV''*’y. 

III. msCDSSION 

The <-ray emission fr(»m X Per is strikingly difterent from those 
of other X-ray binary pulsars. X-ray spectra from most X-ray pulsars 
can be well reiirese'ited by a power-law continuum of number index 1.0 - 
1.2 with a hii)h energy cutoff at 16 - 25 keV (liecker ^t ^1 . 1977a; Becker 
eJL_ ^i_. 197d; IM.iier 19751. In addition, it is typical for these sources 
to nave -.Lroiig iron line emission with eguivalent widtiis exceeding 200 
eV ^I'ravdo i; t .i_l • 1 177; Bin.ker et 1578; Pravdo 1978). Lastly, many 

wf :.hf'..e ! 'tiury sources extiibit large variations in their low energy 
-ituTi-. ;iiij to varying amounts of photoelectric absorption. The spectra 
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of X Fftr show none of these characteristics. Instead of a high energy 
cutoff, X Per appears to have a high energy excess relative to the l)est 
fit thermal bremsstrahl ung model. This hard X-ray tail has been reported 
previously by Mushotzky ^ (1977) and is further confirmed by the 

Wisconsin experiment on jSO- 8 (Bunner 1978). In fact, the spectra pre- 
sented here are in good agreement with the earlie*" result by Mushotzky 
et al. (1977). White ^t (1976) have observed an absorption dip 

21 

during which the neutral hydrogen column density increased by 4 x 10 
_2 

cm , bU' this enhancement is small compareu to the strong absorption 

events which characterize other binary systems. 

X Per's low X-ray luminosity also distinguishes it from the catalog 

of other X-ray binary pulsars which are typically more luminous by 3 

orders of magnitude. Rather, the X-ray luminosity of X Per is comparable 

to that observed from white dwarf binary systems such as Am Her (Swank 

e^ 1977). In this regard, the spin-up rate of X Per is a crucial 

measurement. Between 1972-1977, P/P was -2.72 ♦ .07 x 10”' min yr" 

(White, Mason and Sanford 1977). This rate is consistent with our two 

measurements and is the expected spin-up rate of an accreting neutron 

33 

star with = 5 x 10 ergs/s, but is much too large for an accreting 
white dwarf of the same luminosity (White, Mason, and Sanford 1977; Lamb, 
Pines, and Shaham 1978). 

There has been much speculation that the 22^ period in the X-ray 
intensity reported by White e_t (1975) defines the binary period of 
the system. We failed to detect this periodicity during two ten-day 
observations of X Per, and, therefore, suggest that 22-liours is not the 
period of the binary orbit. 
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Miiny of the umjsiidl aspects of the X-ray emission from X i’er can 
be unclerstooii if X Per is a neutron star in a low density region, i.e., 
distant trom the de star. This would explain the low luminosity and 
the lack ot ahsorptioti dips. It there is a corr**spondingl y small aniount 
ot material within tlu* Alfven radius of the neutroti star, it would also 
explaiti the absetice of tluorescerit irori line emission. Therefore, the 
X-ray Peitavior ot X Per also argues against the X-ray (‘mittiruj compact 
object h'ittg in a vlose 2? hour orbit about the be star. 

1 he (ligh «Miergy ciit-off observed ift r»her X-ray binaries has been 
attrituite.l by some authors to Comptoni^ation of the X-ray s|)ectra by 
lotiijt'd matiM’ial i lose to the neutron star (Illariofiov and Sunyaev ld?2; 

Koss, rt'eavt-r, and McCray h'/d). I the emission from X Per comc‘S from 
a neutron star with a mass accretion rate whicti is Iowcm- liy 3 orders 
I't macjnitude than that for- close binary systems, Comptonization would 
not be as imrortant an e^f»*cf. Therefo>-(>, the* x-rav spectra from X Per, 
aticJ in ['articular- the har-d X-r-ay tail, may be r igir-esentat i ve of the 
intr'insK emi' * ion processes near- the neutr'on star undistorted by inter- 
vc’ii 1 ng Ilia ter- i a 1 . 

If r-f»nains for us to consider- the nature ot the 580 dav periodicity 
in ttre velocity 35 km/sec) of the dalmer- absorption lines of X Per- 
(HoLsniiu)j c^t <_u 1^/4; Hut.:riincis 1477) and in the intensity of X Per 
((lUinat', Mclook, and Oorr-rnr 1478). 1 he cause of the velocity shifts is in 
louot oecair c» t tie vclocitv of the He I ab-..c*r['t ion lines and the V emissioii 
[ic'.i* stiviw a much smaller variaticn over the 580 dav cycle. Hutchings 
'•t al. (14/1) first suggest.cnl that ttre Balmer- line velocity changes are 
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Indicative of bitiary motion which imply the presence of an unseen companion 

of > 16 M at ap orbital radius of > 440 k . If tiiis unseett companion 
0 0 

is a compact object, it would have to be a black hole. Pac^ynski and 
Ziolkowski (1975) have suygested that the massive companion is a normal 
star which is obscurred by an optically thick gaseous disk, hi either 
case, such an object would not emit pulsed X-rays. 

Alternatively, Milgrom (1976) suggested that the He I velocity 
variations gave the true orbital velocity implying a secondary component 
mass of only I M^. This model would allow the secondary to be a neutron 
star at an orbital radius of • J60 

Henri^hs and van den Heuvel (1977) have suggested a tnird nwdel 
in which the compact object is an eccentric close binary orbit with a 
22 hour period. Apsidal motion of the elliptic orbit could then explain 
the 580 day period. As discussed above, however, the X-ray data do not 
support close, 22 hour orbit. 

The X-ray data can be understood in teniis of a wide binary system 
containing a Be star and a neutron star secondary with a 580 day (leriod. 

If the mass loss from the Be star in X Per is comparable to that f*'om 
other early stars such as the primary in Cen X-3, then the large inferred 
or-b’tal radius in X Per directly yields the low luminosity. In this 
respect, the optical and X-ray data are self-consistent. The pulsations 
and the spin-up rate combne to provide strong evidence for a neutron 
star as the source of X-ray emission. If further optical studies continue 
to suggest the presence of a massive companion, wi' v/ould have to conclude 
that X Per is, in fact, a triple system. A 580 day liinary period for 
X Per should produce a periodic Doppler shift in the X-ray pulse period 
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of apprcxinidtely + 0.0314 min which *s comparable to the yearly spin-up 
rate. White, Mason, and Sanford (1977) searched for such a shift but 
were limited by the small number of available period determinations. An 
important observation for the future is the continued search for a 
580 day Doppler shift in the X-ray pulse period of X Per. 




THERMAL BREMSSTRAHLUNG FITS TO THE AVERAGE SPECTRA OF X PER BETWEEN 2-20 keV 

TABLE I 

Date 

Feb. 1976 
Feb. 1977 


Normal ization 

kT'keV) 

N^dO^^cm*^) 

1.1+.2 

Intensity (2-20 keV) 
(ergs-cm-2-s-1 ) 

2 

A of Freedom 

.037 

12.2+.8 

6.5x10'^° 

42/32 

.028 

13.0 

1.0 

5.4x10'^° 

70/32 


Errors for Feb. 1976 data are 90% confidence limits. Errors for 
because the fits were not statistically acceptable. The thermal 
the Gaunt factor computer approximation of Kellogg, Baldwin, and 


Feb. 1977 data are not given 
bremsstrahlung model utilized 
Koch (1975). 


FIGURE CAPTIONS 


Figure 1 - The PHA spectra of X Per in Feb. 1976 and Feb, 1977 from 

OSO-8 data. The models superimposed over the data are the 
best fit thermal bremsstrahlung continua. 

Figure 2a, b- The pulsed light curves of X Per in Feb. 1976 and Feb. 1977, 
2c, d- The best fit teinperature for thermal bremsstrahlung continua 
for X ifr spectra as a function of the pulse phase. Thf> 
errors are 1 sigma limits. 

Figure 3 - The intensity of X Per during observations by OSO-8 in Feb. 

of 1976 and 1977 in two hour averages. 
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